Infrared and optical spectrophotometric observations of the hydrogen lines in a sample of 16 quasars are reported. Combining these observations with previously published observations of hydrogen lines in quasars brings to 12 the number of quasars for which the Pa/Ha/H,B line ratios have been measured and brings to nine the number of quasars for which the La/Ha line ratio has been measured.
I. INTRODUCTION
The study of the einission-line spectra of quasars and active galactic nuclei has undergone a significant resurgence recently with the publication of quantitative optical, infrared, and ultraviolet spectroscopic observations. One of the major results of these observations, found to be true both in quasars and active galactic nuclei (e.g., Davidsen, Hartig, and Fastie 1977; Davidsen and Hartig 1978; Hyland, Becklin, and Neugebauer 1978) and anticipated by the composite quasar spectral analysis of Baldwin (1977a) , has been the deterinination that the hydrogen line fluxes substantially disagree with the predictions of the early models of the quasar einission-line regions (Davidson 1972; Scargle, Caroff, and Tarter 1974) .
Because of the fundamental problem posed by this discrepancy, a great deal of theoretical analysis has been performed to discover its solution. Thus far, two classes of physical processes have been suggested to account for the observed discrepancy. One involves the effects of radiative transfer and/ or collisional excitation in the high-density regions where the H I lines are formed (Krolik and McKee 1978; Zirin 1978; Kwan 369 and Krolik 1979; Canfield and Puetter 1980a) . The other involves reddening within or external to the lineeinitting region (London 1979; Netzer and Davidson 1979; Shutler and MacAlpine 1979) . An overview of theoretical treatments is provided in the review by Davidson and Netzer (1979) . In this paper we report combined visual and infrared observations of the hydrogen lines in a significant sample of low-and high-redshift quasars. The intent of this program has been to study the hydrogen line ratios in a sufficiently large sample of these objects to allow meaningful observational constraints to be placed on the models of the einission-line regions.
The hydrogen lines studied are La, Ha, H,B, and Pa. Observationally, the study divides into two distinct programs. In low-redshift quasars, with redshifts z in the range 0.07::; z::; 0.30, Pa(Arest = 1.8751 µm) is accessible in the atmospheric window from 2.0 µm to 2.45 µm, while Ha and H,B can be observed in the visual. For quasars where z > 1.63 , La enters the visual band. For z in the range 1.63-1.74 , Ha falls in the 1.65 µm atmospheric window, while for z between 2.05 and 2.7, Ha falls in the 2.2 µm window. For 3.1 ::;z<3.9, H,B falls in the 2.2 µm window, and the La/H,B ratio is directly observable. Fm. 1.-The near-infrared spectra of low-redshift quasars in the vicinity of the Paschen a line. The associated flux density scale, in units of mJy, is at the left of each spectrum.. The instrumental full width at half-maximum is indicated by the horizontal bar below the object name. In each case the expected wavelength of Pa, from the optically determined redshifts, is noted in the spectrum. The straight line in each spectrum is the continuum used for that object to calculate the line flux in Pa. 
-0ptical spectrophotometric observations of three low-redshift quasars that illustrate the range of Balmer decrements observed in the low-redshift quasars. The data are plotted in the rest frame of the quasars. The wavelength of the hydrogen lines Ha, Hf:I, and Hy, as well as the Balmer continuum limit and (0 III] >.A4959, 5007, are marked in the figure. The quasar 1307+o8 illustrates a large decrement (Ha/H/:1=5.5), 1721+34 a moderate decrement (Ha/H/:1=4.0 before correction for galactic reddening), and 1211+14 a small decrement (Ha/H/:1=3.4).
II. OBSERVATIONS
The observations reported here consist of both visual and infrared spectrophotometry of quasars selected on the basis of being bright and having redshifts in the appropriate range. All the visual observations were obtained with the multichannel spectrometer on the 5.1 m Hale telescope. Some of these observations have been previously reported by Neugebauer et al. (1979) and details of the observations are given therein .
The infrared observations were obtained with two cryogenically cooled circular variable infrared filterwheel spectrometers on the 5.1 m Hale telescope on Palomar Mountain and, in the case of several of the brightest objects, on the 2.5 m Hooker telescope on Mount Wilson. The resolution available for the infr:ued observations was either ~A/A~0.013 or ~A/A~0.05, corresponding to 3900 km s -1 or 15,000 km s -1 , re· spectively. All the Pa observations except those of PG 0026+129, 0837-12, (3C 206), and 172o+34 (4C 34.47) were made with the higher-resolution instrument, while all the observations of Ha in the high-redshift quasars were made with the lower-resolution instrument. Al· though hydrogen lines in quasars are generally broader than 5000 km s -t (see, e.g., Baldwin 1975) , no attempt has been made to obtain line widths from the present infrared observations.
III. RESULTS-LINE FLUXES
A compilation of the visual and infrared observations is given in Table 1 . For the most part, the separation in time between the visual and infrared observations of any object was shorter than a few months, but in some cases the time interval was longer, and in two notable cases, 1612+26 (Ton 256) and 0101+13 (PHL 957), the visual and infrared observa· tions were separated by almost 10 years. While there is some worry about comparing such widely separated observations, there is little or no indication that these quasars have varied significantly over this interval. In the case of 0101+ 13 there is evidence against variability, since both the equivalent widths of La and C IV and the continuum levels agree, to within 20%, with the observations five years later reported by Baldwin (1977b The spectra of the low-redshift quasars in the region of Pa are shown in Figure 1 , while a representative selection of visual spectra of the low-redshift quasars is shown in Figure 2 . The expected wavelength of Pa is shown for all the quasars in Figure 1 as well as a linear fit to the continuum for each quasar; the latter was derived using the data points well away from the Pa line. The equivalent widths of the Pa line are given in Table 2 , as are the observed fluxes in the line. Both the equivalent widths and line fluxes are as observed.
In the case of the visual lines, the equivalent width of each line was measured with respect to a continuum established from the observed flux minima in the vicinity of that line. The observed fluxes in the Ha, Hp, and [O III] lines, derived from the equivalent widths, are included in Table 2 . It has been assumed, based on the work of Baldwin (1975) , that there is negligible contribution of [N 11) )\l\6548, 6584 to the flux from Ha. In the cases where the redshifts were sufficient to cause the atmospheric A band to significantly affect the Ha flux, i.e., for 0837-12 and 1307+08, the uncertainty in the Ha line flux was increased, even though a first-order correction for this effect was made in the data reduction. A symmetric HP line profile was assumed in separating HP from [O III] AM959, 5007 line fluxes. For each measurement, the uncertainty in the line flux and equivalent width listed in Table 2 is a combination of the statistical uncertainty in the measurement, the uncertainty in establishing the continuum, and, in the case of HP and [O m], the estimated uncertainty associated with this separation.
The infrared spectrophotometry of the high-redshift quasars is shown in Figure 3 , with the redshifted Balmer lines indicated. Visual spectrophotometry of most of these quasars has been previously published (see, e.g., Osmer and Smith 1977; Baldwin 1975; Neugebauer et al. 1979) . The hydrogen line strengths in these quasars, both equivalent widths and emission line fluxes, were derived in the same fashion as described previously, and are given in Table 3 . In the case of La, the equivalent widths and line fluxes derived from the multichannel spectrophotometer data are given without attempting to correct for La absorption. Since the lines are so broad, the correction for N v )\1240 blending with La becomes somewhat uncertain. N v is commonly assumed to be one-fourth of La (see, e.g., Baldwin 1977b), and we have used this assumed ratio throughout in deriving La line fluxes. In the case of two of the high-redshift quasars, special procedures were required to derive the line fluxes shown in Table 3 . In 1012+25 (Ton 490), the redshift is sufficient to make only half of the La line accessible in the visual window. For this reason, the uncertainty in the La+ N v line flux was increased to 25%. In PKS 2126-15 
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that it is a reasonable approach to estimating the Ha flux. Clearly the derived value has a large uncertainty, no less than a factor of 2.
fluxes of seven of the quasars in Table 1 ; the agreement with the results in Tables 2 and 3 is good.
Visual observations of several of the quasars have been previously reported. As mentioned above, the agreement of the present La and C IV line fluxes in 0101+13 (PHL 957) with the data of Baldwin (1977b) (1979) report -3.8 for the total Ha+ N n/H,B (broad 129 is 50% lower than the value of Puetter et al. (1978) +narrow) in good agreement with the value reported as revised by Puetter (private communication). In addihere of 3.7 ± 0.4. They report 0 m/H,B-0.74 comtion, Puetter et al. (1981) al. 1979. that the relation between continuum luminosity and C IV equivalent width found by Baldwin (1977b) holds reasonably well for the quasars 1346-03, 1623+26, and 2126-15.
V. DISCUSSION
The present observations bring to 12 the number of low-redshift quasars for which the Ha, Hp, and Pa lines have been observed, and bring to nine the number of quasars where both La and Ha or HP have been observed. These numbers are sufficient to allow trends and correlations in the data to be sought in order to constrain the range of viable models of the quasar emission-line regions.
a) Line Ratios
The line ratios of Tables 4 and 5 are displayed in various ways in Figures 4 and 5. In these figures, and in the discussion that follows, we make the implicit assumption that the high-and low-redshift quasars share common properties, and that conclusions from one set of quasars can be applied directly to the other. At least in the case of the La and Ha lines this seems to be true as both high-and low-redshift quasars show the same ratios. This has not been shown to be the case for the Pa/Ha/HP ratios, since Pa has not been observed in any quasars with redshift greater than 0.3. Figure 4 shows the distribution of the line ratios in histogram form relative to the value the ratio would assume if pure radiative recombination theory obtained plus the assumption that the Lyman lines were all optically thick, i.e., case B. In the remainder of this paper the "case B" values will be taken as La/Ha= 12, Ha/HP==2.9, and Pa/ HP=0.3 (Brocklehurst 1972; Pengelly and Seaton 1964) . Perhaps the most surprising property of these histograms is how uniform the distribution of ratios is over the observed ranges. 'The Ha/HP ratio clearly deviates from the case B value. This deviation is well known and has been studied for large numbers of quasars by Baldwin (1975) and Neugebauer et al. (1979) .
In Figure 4 , the Pa/Ha ratio also shows some substantial departures from the case B model, with a general trend to lower values than that predicted from case B. On the other hand, the Pa/HP ratio seems to be nearly case B, with a large scatter. In Figure 5 , it is seen that although many of the low-redshift quasars, Figure 4 also shows that the newly observed highredshift quasars have qualitatively the same discrepancy between the observed value of La/Ha and the ratio predicted by the simple case B recombination theory, as that previously found in both high-and low-redshift quasars (Baldwin 1977a; Davidsen, Hartig, and Fastie 1977; Hyland, Becklin, and Neugebauer 1978; Soifer et al. 1979; Puetter, Smith, and Willner 1979) . If the most uncertain values, those for 2126-15 and 1623+26, are disregarded, the average value of La/Ha for the high-redshift quasars is 1.2, nearly the same as that for the two low-redshift quasars previously observed. Before the observed line ratios are compared with the various models put forth to explain them, it is useful to infer whether La is destroyed or Ha is enhanced in the sample of quasars where both lines are observed (Table 5) , since this can give an insight into the physical processes at work in producing the observed ratios. This is done by comparing the observed equivalent widths of La and Ha with those estimated for each quasar based on the observed continuum slope. The quasars are assumed to consist of a central continuum source which ionizes the surrounding lineemitting clouds. In Table 6 the relevant data are compiled. The observed equivalent widths of La are taken from Table   TABLE6 REST-FRAME EQUIVALENT WID1HS OF La AND •observed equivalent width reduced to rest frame. "Calculated for a covering factor of 0.2 and a cutoff for ionizing photons of 4 rydbergs from equations (1) or (2). c1n this case "observed" equivalent width means the equivalent width calculated by Kwan and Krolik 1979. The ''predicted" equivalent width is that derived from equations (1) =CF-a-3 (Ra-l)A (a9"0), (l) where EW 0 (La) is the equivalent width of La in the quasar rest frame, CF is the covering factor of the broad-line clouds, ;\La and ALc are the wavelengths of La and the Lyman limit, a is the spectral index of the continuum source if the flux density f. is assumed to follow a power law f. cxva, and R is the ratio of the energy cutoff of ionizing photons to the energy of a photon at the Lyman limit. In evaluating equation (1), we have assumed that the slope a(La, Ha) determined between La and Ha is characteristic of the source beyond the Lyman limit. The covering factor is the solid angle subtended by the broad-line clouds, as seen from the quasar continuum source, divided by 4?T. This quantity can be estimated independently from the strength of the Lyman discontinuity in high-redshift quasars. Previous work (Oke 1974; Baldwin et al. 1976 ) suggest a covering factor < 0.1 based on a lack of detection of Lyman continuum absorption in high-redshift quasars. Oke (1980) has reexamined this problem based on a larger sample of quasars and infers a covering factor of 0.15-0.25. Based on these data, we therefore take 0.2 as an estimate of the covering factor for the present sample of quasars. This assumption is valid, of course, only if the same covering factor is applicable to both Oke's and the present samples of quasars.
b) La, Ha Equivalent Widths
The equivalent width of La is sensitive to the highenergy cutoff selected; for a= -1, the difference between a cutoff of 4 rydbergs and infinite energy is a 25% effect; for a= -0.5, this difference is a 100% effect. A value of 4 rydbergs was chosen because this energy corresponds to the ionization energy of He 11, and at this energy other elements begin to compete significantly with hydrogen for absorption of the continuum photons. Baldwin (1977a) has used the same limit in his estimates of the La equivalent widths.
The observed La equivalent widths reduced to the rest frames of the quasars are compared to those predicted from equation (1) in Table 6 . The average value of the ratio of observed to predicted La equivalent widths is 0.24 for all nine quasars, and 0.18 if 1012+25 (Ton 490) is excluded from the sample; 1012+25 is anomalous in having very strong Ha and La lines and a very steep continuum. Since the observed equivalent widths are significantly less than predicted, we conclude that La is weaker than expected by a factor 4-5.
The equivalent width of Ha can also be estimated from equation (1) 
where EW0(La) is the equivalent width of La derived in (1) and a is the spectral index of the continuum source between Ha and La. The observed equivalent widths of Ha reduced to the rest frames of the quasars are given in Table 6 , and compared as the ratio of observed to predicted Ha equivalent widths. The average value of this ratio is found to be 2.4 for all quasars; if 1012+25, where the predicted equivalent width of Ha is very small because of the steep continuum slope, is again deleted, this ratio is 1.6. The observed Ha equivalent width is thus stronger than that predicted by this simple approach, but is close enough to that predicted to conclude that Ha is not significantly enhanced with respect to that expected from the case B values.
From this analysis it appears that, in the present sample of quasars, La is destroyed, rather than Ha enhanced. This conclusion disagrees with that reached by Baldwin (1977a ) , who drew just the opposite conclusion, i.e., La was not destroyed, but rather Ha was enhanced. The different conclusion comes from two effects; first, the covering factor taken by Baldwin was 0.1, rather than 0.2; second, the observed widths of La found for the present sample of quasars are about half that taken to be typical by Baldwin. The combined effect of these two differences, neither of which is well established, changes the sense of the agreement from that found by Baldwin to the present conclusion. It should be noted that if the continuum slope steepens below the Lyman limit, the number of Lyman continuum photons and hence the La equivalent width would be overestimated. Thus the present conclusion must be regarded as tentative until observations of quasars below the Lyman limit are available.
c) Comparison with Models i) External Reddening
Of the major classes of models invoked to explain the hydrogen line ratios in quasars, the implications of external reddening models are most readily apparent. The galactic latitudes tabulated in Table 5 are sufficiently high to rule out any significant contribution to the observed ratios from reddening in the Galaxy. If 1981ApJ...243..369S No. 2, 1981 INFRARED AND OPTICAL OBSERVATIONS 377
a (La, Ha) Fm. 6.-The La/Ha line ratio plotted vs. continuum spectral index determined at those same wavelengths for all the quasars in Table 5 . The arrow indicates the track that external reddening of an intrinsic quasar spectrum which affects the lines and continuum equally would take in this plot. The origin of this arrow is arbitrary, but has been drawn as the best fit to the observed data. external, reddening must be "local" to the quasars because of the low values of La/Ha shared by lowand high-redshift quasars.
Figures 6 and 7 show the relationship between the La/Ha and Pa/H,B line ratios and the spectral index a of the continuum flux density J.. For Figure 6 the spectral index is evaluated between the wavelengths of La and Ha using the continuum determined at those wavelengths. For Figure 7 the spectral index is evaluated between the wavelengths of H,B and Pa. If the reddening, though associated with the quasars, is external to the line-emitting region and is responsible for the anomalous ratios, the continuum must steepen as the La/Ha ratio decreases. In Figure 6 , the arrow shows how a particular intrinsic quasar spectrum, reddened by various amounts, would change in the La/Ha versus a plot if the emission lines and continuum were reddened by identical amounts of intervening material; the origin of this trajectory is arbitrary and has been adjusted to best fit the data. The apparent correlation between the observed data and the predicted slope shown in Figure 6 would suggest that external· reddening of the continuum and lines together may be a controlling factor in determining the observed La/Ha line ratios. If caused totally by external reddening, an average of E(B-V)-0.35 mag would be needed to explain the observed deviation of the La/Ha ratio from the case B value. The correlation may, however, only be an artifact of the small number of objects in the present sample. In particular, if 1623+26 (La/Ha =4, a=O) is removed from Figure 6 , the correlation between La/Ha and spectral index disappears. Clearly this correlation must be substantiated by further observations of a larger sample of quasars.
In the context of this discussion, it should be noted that the line ratios of the Seyfert galaxies 3C 120 and Mrk 79 obey a reddening law indicated by the arrow in Figure 6 (Oke and Zimmerman 1979) . Furthermore, when the total La line is included for the radio galaxy 3C 390.3 (Ferland et al. 1979) , the La/Ha value deviates significantly from the trend, while if only the broad-line component of La is included, the agreement between the observed La/Ha ratio and the arrow is satisfactory. Further evidence that reddenning is important comes from other observations. Netzer and Davidson (1979) have argued that the observed ratios of He II AA1640/4686 and 0 I AA1304/8446 are anomalously low in a significant sample of quasars and can be accounted for only by external reddening, since none of these lines should be significantly affected by radiative transfer effects in the broad-line regions.
While external reddening provides the simplest explanation of the observed correlation in Figure 6 , two questions must be answered before such an explanation can be accepted. First, does other evidence support the reddening hypothesis, and second, can some other physical effect explain the correlation?
Other than the possible correlation presented in Figure 6 , the direct evidence for reddening in the quasar spectra is weak, at best. Of the observed quasars, only 1012+25 (Ton 490) shows weak evidence for absorption at 2175 A (Baldwin 1977a) ; this indicates that galactictype dust does not provide a major portion of the reddening. In the high-redshift quasar 1225+31, Soifer et al. (1979) estimate an upper limit E(La-Ha)~0.25 SOIFER, NEUGEBAUER, OKE, AND MATIHEWS Vol. 243 mag corresponding to E( B -V) < 0.03 mag, based on the lack of a 2175 A band and a norm.al extinction curve; Boggess et al. (1979) place a similar limit on the extinction to 3C 273 from the ultraviolet spectrum of that quasar. Similar limits can be placed on reddening in the line of sight in the 2175 A band to the other high-redshift quasars in this study. In three cases, not observed in this program, Baldwin (1977a) found some evidence for redshifted absorption at 2175 A, but the lack of detection of such a band in other quasars where the La/Ha ratio is directly observed must cast doubt on such dust affecting the observed ratios. In addition to this lack of direct evidence for reddening, the line ratios in the low-redshift quasars show little or no evidence for reddening. In Figure 5 , the upper arrow shows the track of various amounts of reddening applied to the case B recombination case. It is seen that the Pa/Ha/H,8 ratios follow a trajectory which is almost orthogonal to the way reddening should affect these ratios. Likewise, in Figure 7 , where the ratio of Pa/H,B is plotted versus continuum spectral index, the Pa/H,8 ratio shows no evidence for a correlation suggestive of reddening affecting the lines and continuum. Indeed, many of the Pa/H,8 ratios observed in quasars are less than the case B value, and are therefore impossible to reconcile with an intrinsic ratio close to the case B value coupled with reddening.
We must therefore conclude that if reddening external to the line-emitting region is the cause of the anomalous ultraviolet optical line ratios in quasars, the dust must be very unlike that known within the Galaxy.
Properties that such dust must have are (i) no 2175 A absorption feature, (ii) no reddening between 0.5 and 2 p.m (Figs. 5 and 7) , and (iii) efficient extinction around La (Fig. 6) . Such dust can be devised by invoking, e.g., ad hoc dust grains with dimensions ;$0.01 p.m, but composed of a material that does not possess a resonance at -2175 A.
A further significant problem with this model is the lack of the reemission of the absorbed radiation at infrared wavelengths. In 1226+02 (3C 273), the beststudied quasar, the bulk of the observed luminosity is emitted in or shortward of the ultraviolet portion of the spectrum Rieke and Low 1972; Hildebrand et al. 1977) , but the La/Ha ratio is lower than predicted by a factor of -10. If this depression of the La/Ha ratio is due to external reddening of both line and continuum radiation, the intrinsic luminosity of 3C 273 should be -10 times larger than the observed ultraviolet luminosity. Furthermore, if the material causing the extinction is distributed roughly spherically symmetrically with respect to 3C 273, the extinction must be due to absorption rather than scattering, and this missing luminosity must be emitted in the infrared portion of the spectrum. None of the infrared observations reported to date shows any evidence for an infrared excess of such a magnitude.
The previous analysis, which indicates that the observed equivalent width of La is less by a factor of -4-5 than that predicted from the continuum slope determined between Ha and La, also argues against significant reddening of both the lines and continuum. If the anomalous line ratios are caused by external dust, the observed equivalent width would, to first order, be the same as the intrinsic equivalent width. Likewise, the covering factor determined from the Lyman limit discontinuity would, to first order, be the same as the intrinsic covering factor. Because the observed continuum slope would be steeper than the intrinsic slope, the La equivalent width predicted from the observed continuum slope would be less than the true (observed) La equivalent width, in contradiction to the sense of the discrepancy found above.
As a quantitative example of this effect, if reddening decreases the La/Ha ratio by a factor of 10, the continuum slope between Ha and La is decreased by .:la-1.4, and the equivalent width of La predicted from equation (1) is a factor of -3.5 smaller than the intrinsic (observed) equivalent width. Thus the discrepancy between the ratio of observed to predicted La equivalent widths found from the data and that expected if external reddening were the cause of the observed La/Ha line ratios, is roughly a factor of 15.
This leaves the question of whether there is an alternative explanation for the apparent correlation between the La/Ha ratio and the continuum spectral index. Puetter (private communication) has suggested a possible explanation of this effect based on the heating of the line-emitting regions by the ionizing radiation. The La and Ha lines are both sufficiently optically thick that the line ratio is determined by the Planck limit at the kinetic temperature of the gas (c.f. Zirin 1978), which should be determined to some extent by the input ionizing spectrum. The variation should be in the sense shown in Figure 6 , namely, that the flatter ionizing spectra (increasing spectral index) produce a hotter gas, and hence a larger La/Ha ratio. Clearly this model must be studied in further detail.
The observations are thus contradictory with respect to the importance of reddening by intervening dust. The data in Figure 6 are consistent with a significant amount of reddening of both the line and continuum sources. In contrast, the data of Figures 5 and 7 are not consistent with such a model, nor is the absence of the 2175 A absorption feature or the apparent weakness of La compared to the continuum. On the basis of the above discussion we favor the conclusion that extinction by intervening dust is not primarily responsible for the observed anomalous line ratios.
ii) Internal Reddening
Another reddening model postulates that dust internal to the broad-line-emitting region absorbs reso-nantly scattered in La radiation and can explain several features of the La/Ha line ratios. First, the optical depths in La provide sufficient path length for dust to absorb these photons, while not altering the other lines significantly. Second, the lack of observed 2175 A absorption is explained since the dust does not obscure the continuum source. Third, there is no need to increase the quasar intrinsic luminosity by a large factor and yet hide it from observation. The luminosity in La that is absorbed by dust in this model is less than 10% of the quasar luminosity.
While this model has advantages, it also has drawbacks. First, as London (1979) pointed out, the environment in the quasar emission line regions is exceedingly harsh, and whether dust grains could survive is questionable. Second, detailed calculations by Ferland and Netzer (1979) and Shuder and MacAIpine (1979) have not succeeded in producing observed line ratios (notably He 11 Xl\1640/4686, and La/Ha) with the inclusion of dust in the line-emitting regions. Indeed, both works conclude that a mechanism in addition to internal dust absorption is needed to account for the observed line ratios in quasars.
The line ratio data presented here are contradictory with respect to this model. If the model is correct, there should be no correlation between the line ratios and continuum slope; the data of Figure 7 are thus consistent with this model. Second, the internal dust model clearly predicts that La should be destroyed, since it is absorbed by dust in the line-emitting regions. This sense is consistent with the analysis of the present data which suggests that La is indeed destroyed in the line-emitting regions. The data of Figure 5 do not, however, support this model. In particular, as previously noted, any decrease of the Pa/Ha and Pa/HP ratios below the case B value is hard to reconcile with the presence of dust, either internal or external to the line-emitting region. Finally, the possible correlation noted in Figure 6 , if substantiated, would also speak against such a model.
iii) Optical Depth and Collisional Models
Since the models involving internal or external reddening are hard-pressed to explain the observed hydrogen line ratios, it is necessary to consider alternative models. Models have been proposed which invoke radiative transfer and collisional excitation effects in the lines to explain the observed line ratios. These models, by their very complex nature, are difficult to compare to the observations presented here. Additionally, the models published to date have concentrated on predicting line ratios, and have not in general attempted to predict the equivalent widths of the observed lines. Such calculations would be accessible to observational tests through data such as those presented in Table 6 , and can provide further insight into the size scales of the line-emitting regions.
The most detailed models published to date, those of Kwan and Krolik (1979) , produce line ratios in general agreement with those observed. Kwan and Krolik report basically only one model, and this has a Balmer decrement larger than typically observed. They also predict the photon equivalent width of La, i.e., the ratio of La photons emitted to Lyman continuum photons absorbed. The La and Ha equivalent widths predicted by Kwan and Krolik are compared with the case B values from equations (1) and (2) in Table 6 . Their results indicate that Ha is enhanced over the case B prediction rather than La being destroyed. This seems to disagree with the observational result that suggests La destruction. It is interesting to note that 1012+25 (Ton 490) agrees quite well with the Kwan and Krolik model, and the discrepancy could in fact be accounted for by a 30% change in covering factor. Ton 490 also shows the steepest continuum of the quasars in Table 6 , and is in fact observationally similar to the model calculated by Kwan and Krolik. The most significant trend found in the present data that should be reproduced in any variable model is the variation of the Pa/Ha ratio with the Ha/HP ratio. The data of Figure 5 show a reasonably tight correlation in the sense that Ha appears to increase with respect to both Pa and Hp, while the Pa/HP ratio seems to be roughly constant. The simplest interpretation of this variation is that the Balmer lines are optically thin, while Ha is enhanced by collisional excitation (Krolik and McKee 1978) . Unfortunately, the models that reproduce the La/Ha ratios via a combination of large optical depths and collisional excitation (Kwan and Krolik 1979; Canfield and Puetter 1980b ) imply large optical depths in the Balmer lines, and so are incompatible with the simple interpretation of Figure 5 . Previous calculations of the effects of large Balmer optical depths on the Pa/Ha/HP ratios in regions of high densities such as in the broad-line regions of quasars (Netzer 1975; Krolik and McKee 1978) show a variation that is suggestive of a nearly constant Pa/Ha line ratio, while the Ha/HP ratio varies over a range of 3 to -8. This behavior is not found in the present data except for the case of 2141+ 174, but the calculations of Netzer (1975) show that for very large optical depths in Ha, the line ratios return to close to case B values, so that perhaps collisions can produce the same net effects as in the low optical depth limit. Much more extensive models, such as those described by Canfield and Puetter (1980b) that treat in detail the effects of the transfer of line radiation in a very dense, optically thick region, are clearly needed to understand whether such processes can truly reproduce the observed variations.
IV. SUMMARY AND CONCLUSIONS
From an extensive optical infrared study of hydrogen lines in low-and high-redshift quasars we have found:
1. The Pa/Ha ratios in low-redshift quasars are distributed around the case B value with a tendency toward values lower than that predicted by case B. The Ha/H,B values in these same quasars are generally greater than the case B value. The trend in the Pa/Ha/H,B ratios is for the Pa/Ha ratio to decrease as Ha/H,B increases.
2. The low values of the La/Ha ratio compared to the case B value are confirmed for a large sample of high-redshift quasars. A possible correlation between the La/Ha ratio and continuum spectral index of the continuum is found in the sense that steeper continuum spectra are associated with smaller La/Ha line ratios.
3. La is apparently destroyed rather than Ha being enhanced. This conclusion is based on an analysis of the observed equivalent widths of La and Ha combined with the flux expected from available ionizing photons and an independent determination (Oke 1980) of the broad-line covering factor in quasars. 4 . We conclude that reddening external to the emission-line regions cannot satisfactorily explain all the observed hydrogen line ratios. The current observations do not support the model of internal dust destroying resonantly scattered La, but such a model cannot be ruled out on the basis of the present data.
5. Models of the emission-line regions that apply radiative transfer and collisonal excitation effects in the lines appear to be necessary to explain the current observations. The decrease of the Pa/Ha ratio with increasing Ha/H,B ratio is the most significant correlation found form the present data that any valid model of the line-emitting regions must explain.
